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QO 

ON— 

▼H (54) Title: STABILIZED DRY POWDER FORMULATIONS 

^ (57) Abstract: A dry powder formulation for treatment of pulmonary conditions, via inhalation, includes an effective amount of 
^ formoterol or a salt or solvate thereof, in a dry powder form, an effective amount of fluticasone, in a dry powder form, and an 
excipient. A method for preparing a physically stable dry powder formulation for inhalation includes the steps of micronizing a first 
Q active polar drug, a second active non-polar drug, and a polar excipient. The second non-polar active drug is first blended with the 
1^ excipient to form an intermediate mixture. The intermediate mixture is then blended with the first active polar drug. The increased 
^ separation of the polar drag and polar excipient stabilizes the fonnulation. 
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DESCRIPTION 
STABILIZED DRY POWDER FORMULATIONS 

5 FIELD OF THE INVENTION 

This invention relates to stabilized dry powder formulations used for treatment of 
respiratory conditions, such as asthma. The invention further relates to the use of a polar 
bronchodilator in combination with a less polar anti-inflammatory drug for treating 
respiratory conditions. 

10 

BACKGROUND OF THE INVENTION 

Wl t lihi t li e past 30 yeais, astlima has become increasingly pr e valent, especially 

among children. Despite asthma drug therapy, asthma is still a serious and potentially 
fatal disease. Asthma is now recognized as a chronic inflammatory disease. .A common 

15 cause for asthma attacks is poor compliance with long-term treatments, such as inhaled 
steroids. These do not provide immediate relief. On the other hand, patients will readily 
take bronchodilators using inhalers, since these provide rapid relief of symptoms. 

Fluticasone propionate [(6 alpha, 11 beta, 16 alpha, 17 alpha)-6,9,-difluoro-ll- 
hydroxy-16-methyl-3-oxo-17-(l-oxopropoxy)androsta-l,4-di ene-17-carbothioic acid. S- 

20 fluoromethyl ester] is an anti-inflammatoiy drug. It has been used to reduce inflammation 
in airways. As a nasal spray it is used for rhinitis or inflammation of the nose. It has been 
used in inhalers for breathing problems like asthma, chronic bronchitis or emphysema. 

Fluticasone propionate (referred to herein simply as "fluticasone") is a steroid 
which reduces the inflammation of nasal passages or bronchial tissue to make breathing 

25 easier. Its mechanism of the anti-inflammatory activity in general, is unclear. However, it 
is thought to act by the induction of phospholipase A2 inhibitory proteins, collectively 
called lipocortins. It has been postulated that these proteins control the biosynthesis of 
potent mediators of inflammation such as prostaglandins and leukotrienes by inhibiting the 
release of their common precursor, arachidonic acid. Arachidonic acid is released from 

30 membrane phospholipids by phospholipase A2. Chemically, fluticasone propionate is 
C25H31F3O5S. It is non-polar and msoluble in water. 

Formoterol fumarate,(N-[2-hydroxy-5-[l-hydroxy-2-[[2-(4-methoxyphenyl)-l- 
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methylethyl]amino]ethyl]phenyl]forinamide), (referred to herein as "formoterol") is a long 
acting beta agonist which selectively stimulates P 2 -receptors. It is a bronchodilator which 
relaxes the bronchial smooth muscle, making breathing easier. Inhaled formoterol acts 
rapidly, usually within minutes. Inhaled formoterol also exerts a prolonged 

5 bronchodilation, which in clinical trials has been demonstrated for up to 12 hours. 
Formoterol is polar and is soluble in water. 

Most bronchodilators have relatively short duration of action. By using a 
compound with long duration e.g. formoterol, with an anti-inflammatory, such as 
fluticasone, improved therapy can be realized. 

10 With these and other powder formulation drugs, physical stability is often difficult 

to maintain, when the powder is exposed to humidity in the environment, typically after 

the powder or dose container is removed from its sealed pouch or package. In the presence 

of water vapor, active powder drug particles used for inhalation, which are preferably in 
the 1-10 micron range, tend to ftise together into larger particles. As this occurs, the 

IS respirable dose is reduced, because the larger particles deposit out on the mouth, throat, or 
bronchi, and do not reach the deeper lung. This ftjsing of particles may occur more 
rapidly, and with greater detrimental effect, when the formulation has active and excipient 
particles, ( or two or more types of active drug particles ) which are both polar, or which 
are both non-polar. 

20 

STATEMENT OF THE INVENTION 

A dry powder formulation of formoterol, or a physiologically acceptable salt or 
solvate of formoterol, and fluticasone is delivered to the lung by inhalation. The 

25 formulation has higher efficiency and duration of bronchodilator action, as well as a rapid 
onset of action. This improves compliance for patients. Compliance is simplified as both 
drugs are delivered in a single dose, with a single dry powder inhaler. The rapid onset of 
the formoterol gives the patient immediate confirmation that a dose has been delivered. 
Overdosing is therefore reduced. 

30 A dry powder inhaler provides a combined dose of formoterol and fluticasone for 

inhalation, to treat asthma or other respiratory conditions. Formoterol is polar and is 
soluble in water. Fluticasone is less polar or non-polar and is insoluble in water. Lactose, 
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as a preferred excipient, is also polar. A more stable formulation is achieved by 
micronizing both the formoterol and the fluticasone. The lactose and fluticasone are then 
blended. This saturates the surface of the relatively larger polar lactose particles with the 
smaller and non-polar fluticasone particles. The active high energy sites on the lactose 
5 particles are largely occupied then by non-polar fluticasone particles. This blended 
mixture is then blended with the micronized formoterol particles. The physical stability of 
the resulting formulation is improved because the active particles are more physically 
separated from each other. Their propensity to fuse together is reduced, so that clumping, 
caking, or other formation of undesirable large agglomerations is reduced. The polar 

10 formoterol particles, which ordinarily would tend to fuse with the polar lactose particles, 
in the presence of water vapor in the environment, are inhibited from doing so, as they are 

s e pai - atcd from the high energy sites on the lactose pai tides by Hie previously blended in 

fluticasone. With formulations where there are more than one active drug, the most polar 
is first blended with the least polar, and then that blended combination is further blended 

1 S with the remaining active drugs of moderate polarity. 

This principle of preparing a stabilized formulation applies equally as well to other 
drug formulations having at least one more polar and at least one less polar active 
component. 

A method of treating respiratory conditions includes the steps of, delivering, by 
20 inhalation of effective amounts of formoterol, or a salt or solvent of formoterol, and 
fluticasone. 

Suitable physiologically salts of formoterol include acid addition salts derived 
from inorganic and organic acids, such as the hydrochloride, hydrobromide, sulphate, 
phosphate, maleate, fumarate, tartrate, citrate, benzoate, 4-methoxybenzoate, 2- or 4- 
25 hydroxybenzoate, 4-chlorobenzoate, p-toluenesulphonate, methanesulphonate, ascorbate, 
salicylate, acetate succinate, lactate, glutarate, gluconate, tricarballylate, 
hydroxynaphthalenecarboxylate or oleate. These are referred to herein simply as 
"formoterol". Formoterol is preferably used in the form of its fumarate salt and as a 
dihydrate. 

30 The ratio of formoterol to fluticasone is preferably within the range of 1 :4 to 1 :70. 

The intended dose regunen is a twice daily administration, where the suitable daily 
dose of foraioterol is in the range of 5 to 100 meg with a preferred dose of S-50 meg and 
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the suitable daily dose for fluticasone 10-100 meg, and preferably 30-70 meg. 

A diluent or carrier, generally non-toxic and chemically inert to the medicament 
e.g. lactose, dextran, mannitol or glucose or any additives that will give the medicament a 
desired taste, can be added to the powder formulation. Lactose is preferred as a canier for 
5 inhaled formulations. The lactose is not micronized. The lactose particles are larger than 
micronized particles, e.g., larger than 10, 20, or 50 microns. 

In preparing the formulation, formoterol fumarate dihydrate and fluticasone are 
micronzied and mixed in the proportions given above. The optionally with the fluticasone 
blended with an excipient mixture is filled into a powder storage device, such as blister 
10 disks or cassettes, as described in U.S. Patent Nos. 5,577,497 and 5,622,166. 

The invention provides a mixing rule or process which improves formulation 
stability. 



wo 01/70198 



CLAIMS 



5 



PCT/USOl/07991 



1. A dry powder formulation for treatment of pulmonary conditions, via 
inhalation, comprising: 

5 an effective amount of formoterol or a salt or solvate thereof, in a dry 

powder form; 

an effective amount of fluticasone, in a dry powder form; and 
an excipient, in a dry powder form. 

10 2. The formulation of claim 1 where the molar ratio of the formoterol 

component to the fluticasone component ranges from 1 :2 to 1 :100. 



3. The formulation of claim 2 wherein the molar ratio ranges from 1 :4 to 1 :60. 

15 4. The formulation of claim 1 wherein the excipient comprises lactose. 

5. The formulation of claim 1 where the formoterol component comprises 
fiunarate dihydrate. 

20 6. The formulation of claim 4 wherein the excipient is not micronized and has 

a particle size substantially greater than the formoterol or the fluticasone. 

7. A method for preparing a dry powder formulation for inhalation, 
comprising the sequential steps of: 
25 micronizing a first active polar drug, and a second active non-polar drug; 

blending the second non-polar active drug with a polar and non-micronized 
excipient to form an intermediate mixture; and 

blending the intermediate mixture with the first active polar drug. 

30 8. A method for preparing a dry powder drug formulation having active 

components of varying polarity, and an excipient more polar than any of the active 
components, comprising the steps of: 
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micronizing each of the active components; 

blending the least polar active component with excipient, to fonn a first 
intermediate mixture; 

determining the absolute value of the polarity of the remaining active components, 
and ranking them in descending order, from highest to lowest absolute value; 

blending the first intermediate mixture with the active component having the 
greatest absolute value, to form a second intermediate mixture; and 

blending the second intermediate mixture with the active component having the 
next greatest absolute value. 

9. The method of claim 8 further including the steps of taking the component 
havmg tlie next lowest absolute value, and blending il to make yet another 

mtermediate mbcture, until all of the components are blended. 

10. The method of claim 9 wherein the excipient comprises un-micronized 
lactose. 

11. A dry powder formulation for inhalation into the lung, comprising: 

an effective amount of formoterol or a salt or solvate thereof, in a dry 
powder form; and 

an effective amount of fluticasone, in a dry powder form. 
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ON 

(54) Title: STABILIZED DRY POWDER FORMULATONS 



^ (57) Abstract: A dry powder formulation for treatment of pulmonaiy conditions, via inhalation, includes an effective amount of 
^ formoterol or a salt or solvate thereof, in a dry powder form, an effective amount of fluticasone, in a dry powder form, and an 

Oexcipient. A method for preparing a physically stable dry powder formulation for inhalation includes the steps of micronizing a first 
active polar drug, a second active non-polar drug, and a polar excipient. The second non-polar active drug is first blended with the 
^ excipient to form an intermediate mixture. The intermediate mixture is then blended with the first active polar drug. The increased 
^ separation of the polar drug and polar excipient stabilizes the fomiulation. 
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DESCRIPTION 

STABILIZED DRY POWDER FORMULATIONS 

5 FIELD OF THE INVENTION 

This invention relates to stabilized dry powder formulations used for treatment of 
respiratory conditions, such as asthma. The invention further relates to the use of a polar 
bronchodilator in combination with a less polar anti-inflammatory drug for treating 
respiratory conditions. 

10 

BACKGROUND OF THE INVENTION 

Within the past 30 years, asthma has become incr e asingly pievalent, especially 

among children. Despite asthma drug therapy, asthma is still a serious and potentially 
fatal disease. Asthma is now recognized as a chronic inflammatory disease. .A common 

15 cause for asthma attacks is poor compliance with long-term treatments, such as inhaled 
steroids. These do not provide immediate relief. On the other hand, patients will readily 
take bronchodilators using inhalers, since these provide rapid relief of symptoms. 

Fluticasone propionate [(6 alpha, 11 beta, 16 alpha, 17 alpha)-6,9,-difluoro-ll- 
hydroxy-16-methyl-3-oxo-17-(l-oxopropoxy)androsta"l,4-di ene-17-carbothioic acid, S- 

20 fluoromethyl ester] is an anti-inflammatory drug. It has been used to reduce inflammation 
in airways. As a nasal spray it is used for rhinitis or inflammation of the nose. It has been 
used in inhalers for breathing problems like asthma, chronic bronchitis or emphysema. 

Fluticasone propionate (referred to herein simply as "fluticasone") is a steroid 
which reduces the inflammation of nasal passages or bronchial tissue to make breathing 

25 easier. Its mechanism ofthe anti-inflammatory activity in general, is unclear. However, it 
is thought to act by the induction of phospholipase A2 inhibitory proteins, collectively 
called lipocortins. It has been postulated that these proteins control the biosynthesis of 
potent mediators of inflammation such as prostaglandins and leukotrienes by inhibiting the 
release of their common precursor, arachidonic acid. Arachidonic acid is released from 

30 membrane phospholipids by phospholipase A2. Chemically, fluticasone propionate is 
C25H31F3O5S. It is non-polar and insoluble in water. 

Formoterol fumarate,(N-[2-hydroxy-5-[l-hydroxy-2-[[2-(4-methoxyphenyl)-l- 
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methylethyl]amino]ethyl]phenyl]fonnamide), (referred to herein as "formoterol") is a long 
acting beta agonist which selectively stimulates p j -receptors. It is a bronchodilator which 
relaxes the bronchial smooth muscle, making breathing easier. Inhaled formoterol acts 
rapidly, usually within minutes. Inhaled formoterol also exerts a prolonged 
5 bronchodilation, which in clinical trials has been demonstrated for up to 12 hours. 
Formoterol is polar and is soluble in water. 

Most bronchodilators have relatively short duration of action. By using a 
compound with long duration e.g. formoterol, with an anti-inflammatory, such as 
fluticasone, improved therapy can be realized. 

10 With these and other powder formulation drugs, physical stability is often difficult 

to maintain, when the powder is exposed to humidity in the environment, typically after 

thp pow d er or dose container is removed from its scaltd poudi ui package. In the preseilCfe 

of water vapor, active powder drug particles used for inhalation, which are preferably in 
the 1-10 micron range, tend to fuse together into larger particles. As this occurs, the 

15 respirable dose is reduced, because the larger particles deposit out on the mouth, throat, or 
bronchi, and do not reach the deeper lung. This fusing of particles may occur more 
rapidly, and with greater detrimental effect, when the formulation has active and excipient 
particles, ( or two or more ^es of active drug particles ) which are both polar, or which 
are both non-polar. 

20 



STATEMENT OF THE INVENTION 

A dry powder formulation of formoterol, or a physiologically acceptable salt or 
solvate of formoterol, and fluticasone is delivered to the lung by inhalation. The 
formulation has higher efficiency and duration of bronchodilator action, as well as a rapid 
onset of action. This improves compliance for patients. Compliance is simplified as both 
drugs are delivered in a single dose, with a single dry powder inhaler. The rapid onset of 
the formoterol gives the patient immediate confirmation that a dose has been delivered. 
Overdosing is therefore reduced. 

A dry powder inhaler provides a combined dose of formoterol and fluticasone for 
inhalation, to treat asthma or other respiratory conditions. Foimoterol is polar and is 
soluble in water. Fluticasone is less polar or non-polar and is insoluble in water. Lactose, 
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as a preferred excipient, is also polar. A more stable formulation is achieved by 
micronizing both the formoterol and the fluticasone. The lactose and fluticasone are then 
blended. This saturates the surface of the relatively larger polar lactose particles with the 
smaller and non-polar fluticasone particles. The active high energy sites on the lactose 
5 particles are largely occupied then by non-polar fluticasone particles. This blended 
mixture is then blended with the micronized formoterol particles. The physical stability of 
the resulting fonnulation is improved because the active particles are more physically 
separated from each other. Their propensity to fuse together is reduced, so that clumping, 
caking, or other formation of undesirable large agglomerations is reduced. The polar 

10 formoterol particles, which ordinarily would tend to fuse with the polar lactose particles, 
in the presence of water vapor in the environment, are inhibited from doing so, as they are 

s eparate d from the high energy sites on the lactose particles by llic picviuusly blended in 

fluticasone. With formulations where there are more than one active drug, the most polar 
is first blended with the least polar, and then that blended combination is further blended 

1 5 with the remaining active drugs of moderate polarity. 

This principle of preparing a stabilized formulation applies equally as well to other 
drug formulations having at least one more polar and at least one less polar active 
component. 

A method of treating respiratory conditions includes the steps of, delivering, by 
20 inhalation of effective amounts of formoterol, or a salt or solvent of formoterol, and 
fluticasone. 

Suitable physiologically salts of formoterol include acid addition salts derived 
from inorganic and organic acids, such as the hydrochloride, hydrobromide, sulphate, 
phosphate, maleate, fiunarate, tartrate, citrate, benzoate, 4-methoxybenzoate, 2- or 4- 
25 hydroxybenzoate, 4-chlorobenzoate, p-toluenesulphonate, methanesulphonate, ascorbate, 
salicylate, acetate succinate, lactate, glutarate, gluconate, tricarballylate, 
hydroxynaphthalenecarboxylate or oleate. These are referred to herein simply as 
"fonnoteror\ Formoterol is preferably used in the form of its fimiarate salt and as a 
dihydrate. 

30 The ratio of formoterol to fluticasone is preferably within the range of 1 :4 to 1 :70. 

The intended dose regimen is a twice daily administration, where the suitable daily 
dose of formoterol is in the range of 5 to 100 meg with a preferred dose of 5-50 meg and 
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the suitable daily dose for fluticasone 10-100 meg, and preferably 30-70 meg. 

A diluent or carrier, generally non-toxic and chemically inert to the medicament 
e.g. lactose, dextran, mannitol or glucose or any additives that will give the medicament a 
desired taste, can be added to the powder formulation. Lactose is preferred as a carrier for 
5 inhaled formulations. The lactose is not micronized. The lactose particles are larger than 
micronized particles, e.g., larger than 10, 20, or 50 microns. 

In preparing the formulation, formoterol fumarate dihydrate and fluticasone are 
micronzied and mixed in the proportions given above. The optionally with the fluticasone 
blended with an excipient mixture is filled into a powder storage device, such as blister 
10 disks or cassettes, as described in U.S. Patent Nos. 5,577,497 and 5,622,166. 

The invention provides a mixing rule or process which improves formulation 
s tability. 
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CLAIMS 

1. A dry powder fonnulation for treatment of pulmonary conditions, via 
inhalation, comprising: 

5 an effective amount of formoterol or a salt or solvate thereof, in a dry 

powder form; 

an effective amount of fluticasone, in a dry powder form; and 
an excipient, in a dry powder form. 

10 2. The formulation of claim 1 where the molar ratio of the formoterol 

component to the fluticasone component ranges from 1 :2 to 1 : 100. 

3. The formulation of claim 2 wherein the molar ratio ranges from 1 :4 to 1 :60. 

15 4. The fonnulation of claim 1 wherein the excipient comprises lactose. 

5. The formulation of claim 1 where the formoterol component comprises 
fumarate dihydrate. 

20 6. The formulation of claim 4 wherein the excipient is not micronized and has 

a particle size substantially greater than the formoterol or the fluticasone. 

7. A method for preparing a dry powder formulation for inhalation, 
comprising the sequential steps of: 
25 micronizing a first active polar drug, and a second active non-polar drug; 

blending the second non-polar active drug with a polar and non-micronized 
excipient to form an intermediate mixture; and 

blending the intermediate mixture with the first active polar drug. 

30 8. A method for preparing a dry powder drug formulation having active 

components of varying polarity, and an excipient more polar than any of the active 
components, comprising the steps of: 
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micronizing each of the active components; 

blending the least polar active component with excipient, to form a first 
intermediate mixture; 

determining the absolute value of the polarity of the remaining active components, 
5 and ranking them in descending order, from highest to lowest absolute value; 

blending the first intermediate mixture with the active component having the 
greatest absolute value, to form a second intermediate mixture; and 

blending the second intermediate mixture with the active component having the 
next greatest absolute value. 

10 

9. The method of claim 8 further including the steps of taking the component 
havuig llie next lowest absolute value, and blending it to make yet another 

intermediate mixture, until all of the components are blended. 

10. The method of claim 9 wherein the excipient comprises un-micronized 
IS lactose. 



IK A dry powder formulation for inhalation into the lung, comprising: 

an effective amount of formoterol or a salt or solvate thereof, in a dry 
powder form; and 

20 an effective amount of fluticasone, in a dry powder form. 
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